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ABSTRACT 



A balloon expandable metal stent is provided that includes 
a multiplicity of circumferential sets of strut members 
wherein at least two adjacent circumferential sets of strut 
members are coupled together by a plurality of undulating 
longitudinal struts. The stent is annealed to a degree where 
frictional forces existing in the longitudinal direction 
between adjacent circumferential sets of strut members and 
the balloon, during inflation, are greater than a force 
required to permanently deform the undulating longitudinal 
struts. Thus, the expansion of the space between adjacent 
circumferential sets of strut members during inflation of the 
balloon compensates for shortening of the stent that would 
otherwise occur during radial expansion of the stent respon- 
sive to the inflation of the balloon. The undulating longitu- 
dinal struts also have a width dimension throughout their 
length which is less than a width dimension of the circum- 
ferential sets of strut members to further facilitate the 
deformation of the undulating longitudinal struts when the 
balloon is inflated. 

17 Claims, 2 Drawing Sheets 
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STENT WITH REDUCED SHORTENING These and other objects and advantages of this invention 

will become obvious to a person of ordinary skill in this art 
FIELD OF THE INVENTION upon reading of the detailed description of this ii 

1. Background of the Invention iadhuSng the associated drawings. 



This invention is in the field of stents that are used to BRIEF DESCRIPTION OF THE DRAWINGS 

maintain patency of a vessel of the human body. 
2. Prior Art 



FIG. 1 is a flat layout view of two connected circumfer- 
ential sets of strut members of a prior art stent both before 

It has been shown that intravascular stents are an excellent and a ft er balloon expansion 

means to maintain the patency of blood vessels following 10 mG 2 ^ a flat j t view of ^ connected circumfer . 

balloon angioplasty. Robert, David and Tim FischeU in U.S. ential sets of stmt members of the t ^ 

Pat. No. 5,695,516 describe a stent design which elongates both before and after baUoon ^ 

as it begins expansion. The Fischells in U.S. Pat. No. „ T „ , . „ . . . . , . . ^ . . 

5,697,971 describe a stent which also elongates as it begins FIG " 3 18 a . Aat layout view of a complete stent of the 

to expand and includes "S" shaped undulating longitudinal 15 P^nt invention before balloon expansion with connected 

structures to enhance flexibility and side branch access. Both circumferential sets of strut members similar to those shown 

these designs lengthen at first then shorten as they expand to m 

larger diameters. Beyond a certain point, these designs can DETAILED DESCRIPTION OF THE 

actually shorten more than designs which do not initially INVENTION 
lengthen. 20 

FIG. 1 is a flat layout view of an unexpanded cylindrical 

SUMMARY OF THE INVENTION section 5 and radially expanded cylindrical section 5' of the 

„, . . , . prior art stent described in U.S. Pat. No. 5,697,971. The 

This invention is an improvement of the stent design anded xC&on 5 has two circumferentia i sets of strut 

described in U.S. Pat. No, 5,697,971 to reduce shortening members x and 2 when ±& tWQ ^ q{ ^ members x and 

during stent expansion. The present invention is a balloon 2 ^ actuaU ^ thek sh the ints « A „ are 

expandable stent made from either fully annealed stainless connected t0 oints « B> .. Five « s » s haped undu i ating i on . 

steel or a metal of equivalent "softness . This stent also has 4 connect ^ ^ drcumferential ^ of stnlt 

expandable circumferentia sets of strut members connected members x and 2 tQ each Qther Iq me 5 ^ widthg 

by undulating longitudinal structures such as those of the of ±e circumferential xts of strut members x and 2 are 

prior art. The present invention is different m that the simnar t0 that of ^ - S " shaped undulating longitudinals 4. 

undulating longitudinals are specifically adapted to stretch The centerline of the cirC umf eren tial sets of strut members 

during balloon expansion so as to reduce stent shortening. 1 ^ 2 ^ showQ ag ^ daghed Knes lc and 2Q respec . 

Because friction exists between the balloon and the stent's tively. The separation length between the two center lines 1C 

inside surface as the stent is expanded by the balloon, each 3J and 2C is shown as "L" at the top of FIG. 1. 



circumferential set of strut members wul lenu lo maraiam us when the rfor art stent ^ the cyHndrical section 
longitudinal position on the balloon If there were no inter- 5 becomes the cyUndrical section 5' with the circumferential 
connections between the circumferential sets of strut sets of stmt members 1' and 2' having centerhneslC and 2C 
members, the average distance between the circumferential respectively ^ separation « D - an d "S" shaped undulating 
sets of strut members would stay the same and each set of 4Q long itudinals 4'. If the circumferential sets of strut members 
strut members would decrease in its longitudinal dimension. v and 2 , we nQt connecte d via the "S" undulations 4', the 
The relatively stiff undulating longitudinal structures of the cent erlines 1C and 2C would not move with respect to each 
prior art which resist stretching will pull the circumferential Qther m the stent nds durf balloon inflation . j^s is 
sets of strut members toward each other as the stent expands not tme however> when the circumfer ential sets of strut 
causing the stent to shorten. If however, the undulating ^ member s r and 2' are interconnected. Because of their 
longitudinal structures are weak and easily stretched by relativ ei y thick widths, the "S" undulations 4' tend to keep 
forces less than the fnction between each circumferential set the same shape M the p re .expansion "S" undulation 4. As a 
of strut members and the balloon, then the undulating Ks ^ the circumferential of strat mem bers 1' and 2' are 
longitudinal structures wiU be permanently elongated. If as puUed toward each other during stent expansion by the "S" 
the stent expands, the circumferential sets of strut members J0 undulat ions 4. This causes the separation "IT to be less than 
mamtam their longitudinal position, and the undulating ^ separation "L" of the centerlines 1C and 2C of the 
longitudinal structures stretch to compensate for the longi- unexp anded stent section 5. When one considers that an 
tudinal shortening of each circumferential set of strut gntire stent mi ht have 1Q or more circumfer e nt ial sets of 
members, then the stent will barely shorten. stmt members per centimeter of length, the overall shorten- 
Thus it is an object of this invention to have a stent with 55 jug can become appreciable, 
reduced shortening as a result of the permanent longitudinal FIG. 2 is a flat layout view of an unexpanded cylindrical 
stretching of undulating longitudinal structures as the stent se ction 10 and expanded cylindrical section 10' of the 
is radially expanded. present mventiori stent . The unexpanded section 10 has two 
Another object of this invention is to have the frictional circumferential sets of strut members 11 and 12. The points 
forces between adjacent circumferential sets of strut mem- 60 "E" are connected to points "F" when the section 10 is in its 
bers and the balloon being sufficiently great during balloon cylindrical form. Five narrow "S" shaped undulating longi- 
inflation so that the metal of the undulating longitudinal tudinals 14 connect the circumferential sets of strut members 
structures that connect adjacent sets of strut members is u an d 12 to each other. In this stent section 10, the widths 
stressed beyond its elastic limit. of the circumferential sets of strut members 11 and 12 arc 
Still another object of this invention is to have the width 65 approximately twice that of the "S" shaped undulating 
' be significantly less longitudinals 14. What is most important is that the "S" 
longitudinals are easily extended in the longitudinal direc- 
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tion when a force is applied at their ends. The centerline of 
the circumferential sets of strut members 11 and 12 are 
shown as the dashed lines 11C and 12C respectively with 
separation distance "D". 

When the present invention stent expands, the cylindrical s 
section 10 becomes the cylindrical section 10' with circum- 
ferential sets of strut members 11' and 12' having centerlines 
UC and 12C respectively with separation distance "D"' and 
elongated "S" shaped undulating longitudinals 14'. If the 
circumferential sets of strut members 11' and 12' were not 1Q 
connected via the "S" undulations 14', the centerlines 11C 
and 12C would not move with respect to each other as the 
stent is balloon expanded. If during stent expansion the 
frictional force between the balloon used for expansion (not 
shown) and each of the two adjacent circumferential sets of 
strut members 11' and 12' is greater than the force required 15 
to stretch the thin "S" undulations 14', the centerlines 11 C 
and 12C will not move toward each other as in the prior art 
stent of FIG. 1. Instead, the "S" undulations 14' will stretch 
(as shown in FIG. 2) so that the centerline separation "D"' 
of the post-expansion stent section 10' will be the same as 20 
the centerline spacing "D" of the pre-expansion stent section 
10; i.e., the distances "D"' and "D" will be essentially the 
same. Thus, a stent consisting of a multiplicity of such 
cylindrical sections 10 would not appreciably change its 
length when it is radially expanded by an inflated balloon. 25 

The reason that the undulating longitudinal struts 14' are 
permanently extended in the longitudinal direction is that the 
frictional force in the longitudinal direction between the pair 
of sets of stent members 11' and 12' and the balloon during 
balloon inflation is greater than the force required to stress 30 
the metal of the struts 14' beyond its elastic limit. Ideally, 
extended struts 14' should be at least 50 percent longer in the 
longitudinal direction compared to the struts 14 after balloon 
inflation to a balloon diameter of at least 3.0 mm. However, 
a longitudinal length increase of as little as 10 percent for 
each undulating longitudinal strut 14' would provide a 35 
significant reduction in the longitudinal shortening of an 
entire stent when the balloon is expanded to at least a 3.0 
mm diameter. 

FIG. 3 is a flat layout view of the entire stent 40 of the 
present invention. The stent 40 has twelve, cylindrically 40 
shaped circumferential sets of strut members 20 connected 
by either "S" undulating longitudinals 30 or by straight links 
32. Straight links 32 are used to connect the circumferential 
sets of strut members 22 and 24 at the proximal end of the 
stent 40 and circumferential sets of strut members 26 and 28 45 
at the distal end of the stent 40. Straight links 32 enhance the 
strength of the end circumferential sets of strut members 22 
and 28. The thin "S" undulating longitudinals 30 enhance 
the flexibility of the stent 40. The comparatively narrow 
width of the "S" undulating longitudinals 30 allow these 50 
comparatively weak "S" undulations to stretch in length as 
the stent 40 is radially expanded. This stretching compen- 
sates for the shortening in the longitudinal direction of the 
circumferential sets of strut members 20 as they unfold 
during stent expansion. Typical strut width for the circum- 55 
ferential sets strut members 20 is 0.15 mm (0.006 in). 
Typical strut width for the thin "S" undulating longitudinals 
30 is 0.075 mm (0.003 in). The stent in FIG. 3 is designed 
to be a 25 mm long coronary stent having an unexpanded 
diameter of approximately 1.5 mm and an expanded diam- 60 
eter range of 2 to 6 mm. Similar designs cut from larger 
tubing or with some modifications can be used for stenting 
of the biliary duct, a peripheral vessel or other applications. 
Although the stent 40 shows 5 cells circumferentially, a 
similar stent could be produced with anywhere from 3 to 9 65 
circumferential cells for each circumferential set of strut 
members 20. 
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The stent 40 is typically laser cut from 316L stainless steel 
tubing having a wall thickness between 0.05 mm and 0.2 
mm. To facilitate the "S" stretching, a stent made from 316L 
stainless steel should be fully annealed so that the elastic 
limit of the metal is readily exceeded when even a com- 
paratively small force is exerted on the undulating longitu- 
dinal struts. 

Although the design described in FIGS. 2 and 3 utilizes 
the narrow width "S" undulations 14 and 30 to facilitate "S" 
stretching, it is also envisioned that using undulations of 
reduced wall thickness or of softer metal could produce the 
same effect. It is also envisioned that the undulating longi- 
tudinals need not have an "S" shape. "U", "V", "W" or any 
combination of S, U. V and/or W or equivalent shapes would 
produce the same desirable effects of enhanced flexibility 
and permanent stretching during stent expansion. Stents of 
this design will shorten the least when the force required to 
elongate the undulating longitudinals is significantly less 
than the frictional forces between the balloon used for the 
required expansion and each of the circumferential sets of 
strut members. Therefore, it is desirable to avoid balloon 
coatings that are lubricious which would decrease such 
frictional forces. 

Various other modifications, adaptations, and alternative 
designs are of course possible in light of the above teach- 
ings. Therefore, it should be understood at this time that 
within the scope of the appended claims the invention may 
be practiced otherwise than as specifically described herein. 

What is claimed is: 

1. A balloon expandable metal stent for implantation in a 
vessel of a human body, the stent having a first longitudinal 
extension length in an unexpanded state and being mounted 
onto an inflatable balloon, the stent having a multiplicity of 
circumferential sets of strut members, said stent being 
radially expanded by circumferential expansion of said 
circumferential sets of strut members responsive to expan- 
sion of the balloon, said radially expanded stent having a 
second longitudinal extension length, at least two adjacent 
circumferential sets of strut members being coupled together 
by undulating longitudinal struts to define a first longitudinal 
spacing between said at least two adjacent circumferential 
sets of strut members, said stent being annealed to a degree 
where frictional forces existing in the longitudinal direction 
between adjacent circumferential sets of strut members and 
the balloon during balloon inflation are greater than a force 
required to permanently deform said undulating longitudinal 
struts to define a second longitudinal spacing between said 
at least two adjacent circumferential sets of strut members 
greater than said first longitudinal spacing when the balloon 
is expanded to a diameter that is greater than 3.0 mm and 
thereby maintain said second longitudinal extension length 
substantially equal to said first longitudinal extension length. 

2. The stent of claim 1 wherein one or more of the 
undulating longitudinal struts is "S" shaped. 

3. The stent of claim 1 wherein one or more of the 
undulating longitudinal struts is "U" shaped. 

4. The stent of claim 1 wherein one or more of the 
undulating longitudinal struts is "V" shaped. 

5. The stent of claim 1 wherein one or more of the 
undulating longitudinal struts is "W" shaped. 

6. The stent of claim 1 wherein each of said undulating 
longitudinal struts have a width dimension throughout its 
length less than a width dimension of said circumferential 
sets of strut members. 

7. The stent of claim 6 wherein said width dimension of 
each said undulating longitudinal strut is approximately fifty 
percent of said width dimension of said circumferential sets 
of strut members. 
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10. The balloon expandable sent of claim 9 wherein one 
>r more of the following longitudinal struts is "S" shaped. 
9. A balloon expandable metal stent for implantation in a 11. The balloon expandable stent of claim 9 wherein one 

vessel of a human body, the stent having a first longitudinal 0 r more of the undulating longitudinal struts is "U" shaped, 
extension length in an unexpanded state and being mounted 5 12. The balloon expandable stent of claim 9 wherein one 
onto an inflatable balloon, the stent having a multiplicity of or more of the un( julating longitudinal struts is "V" shaped, 
circumferential sets of strut members, said stent being 13 ^ 5aIloon expandable stent of claim 9 wherein one 
radially expanded by circumferential expansion of said or more of the undulating i ongitudina i stru ts is "W" shaped, 
circumferentia sets of strut members responsive to expan- u ^ baUoon dable stent of claim 9 wherein said 

sion of the baUoon said radially expanded stent having a 10 unduM longitudinal struts are deformed to extend their 
second longitudmal extension length, at least two adjacent .. . t" ,. .. ... A , . ^ . 

circumferential sets of strut members being coupled together lo ° gl ^ ^ ^ * V '\T 

by undulating longitudinal struts to define a longitudinal ba[ } 0 °l* mflated t0 a dlame L ter ^ 3 0 ^ . 

spacing between said at least two adjacent circumferential 15 ^ stent of claim 9 wherein said degree of anneal is 
sets of strut members, said stent being annealed to a degree 15 a ^ anneal. 

where frictional forces existing in the longitudinal direction 16 - ^ stent of claim 9 wherein each of said undulating 

between adjacent circumferential sets of strut members and longitudinal struts have a width dimension throughout its 
the balloon during balloon inflation are sufficient to cause at kngh less than a width dimension of said circumferential 
least a 10 percent longitudinal deformation of the undulating sets of strut members. 

longitudinal struts when the baUoon is expanded from its 20 17 ■ ^ stent of clalm 16 wherein said width dimension of 
initial uninflated state to a diameter that is greater than 3.0 each sald undulating longitudinal strut is approximately fifty 
mm to increase said longitudinal spacing by at least 10 percent of said width dimension of said circumferential sets 
percent and thereby maintain said second longitudinal exten- °^ strut members, 
sion length substantially equal to said first longitudinal 



